The mycotoxin moniliformin was discovered by Cole et al. (6) while screening for toxic products of a North American isolate of Fusarium moniliforme Sheldon (Fusarium verticillioides [Sacc.] Nirenberg) cultured on corn. Moniliformin production has been subsequently reported for two other North American isolates (3) (4) (5) 12) and one South African isolate of F. moniliforme (13) . The toxin has since been shown (7, 13) to be produced also by Fusarium moniliforme Sheldon var. subglutinans Woilenweber and Reinking (Fusarium sacchari [Butler] W. Gams var. subglutinans [Wollenweber and Reinking] Nirenberg). These two Fusarium species are common corn pathogens in most cornproducing areas of the world (2). Marasas et al. (9) have found that both species occur commonly in corn seed in South Africa, and they have shown that of 23 toxic isolates of F. moniliforme var. subglutinans tested, 16 produce moniliformin whereas none of 14 toxic isolates of F. moniliforme is a moniliformin producer. Rabie et al. (11) have found that isolates of F. fusarioides obtained from millet, sorghum, peanuts, dried fish, and soil are all capable of producing moniliformin. Nine toxic strains of F. avenaceum (Corda ex Fries) Sacc. isolated from barley kernels and corn tassels in Europe all produce moniliformin, as does the one toxic strain of F. oxysporum Schlechtendahl isolated from barley kernels (10 (10) . Moniliformin has been isolated as both a sodium (1, M = Na) and potassium (1, M = K) salt (12) . Its synthesis and structure (1, 12) , spectroanalytical parameters (8) , isolation, and purification (3, 13) have been reported previously.
Kriek et al. (7) have shown that corn cultures of F. moniliforme var. subglutinans containing high levels of moniliformin are acutely toxic to ducklings and rats. At autopsy, rats showed acute congestive heart failure, and the main histological lesion was acute focal myocardial degeneration and necrosis. There appears to be a threshold level of dietary moniliformin intake above which death is caused extremely rapidly. Below this level, however, rats (7) as well as mice (4) can tolerate remarkably large amounts of moniliformin without apparent ill effects. The mechanism of action is probably selective inhibition of pyruvate and a-ketoglutarate dehydrogenase enzyme systems (14) .
Moniliformin has been found (15) peanuts (Arachis hypogea L.), and sorghum and barley malt were investigated mycologically for contamination by toxic fungi. Seeds were surface sterilized for 1 min with a 5% solution of a commercial preparation of sodium hypochlorite or 80:20 ethanol-water for 3 min. After being thoroughly rinsed in sterile water, the seeds were either transferred to plates directly or macerated in a Sorvall blender, and a dilution series was plated out on potato dextrose agar containing novobiocin (100 mg/liter). Plates were incubated in the dark at 25°C and examined at regular intervals, and the dominant fungi were isolated in pure culture.
Culture techniques. Inocula were prepared by growing cultures originating from single-spored, lyophilized isolates on 30 ml of potato dextrose agar in 250-ml Erlenmeyer flasks at 25°C for 10 days. Spore suspensions were used to inoculate whole yellow corn in 2-liter fruit jars. The corn (400 g of corn kernels and 400 ml of water) was previously autoclaved for 1 h on 2 consecutive days at 121°C and, after inoculation, incubated at 25°C for 21 days. The harvested culture material was dried in a forced draught oven at 50°C for 24 h, milled in a Wiley mill to a fine meal, and stored at 5°C until used. Control cornmeal was produced in the same way, except that it was not inoculated.
Toxdcity tests. The moldy meal was incorporated into a commercial chicken mash on a 50% weight basis. Control feed consisted of control cornmeal mixed (50%o by weight) with commercial chicken mash. Oneday-old Pekin ducklings were used and were fed ad libitum for 14 days. The weights of the survivors were recorded.
Chemical analyses. Determinations of moniliformin production by F. concolor Rg. were done by thin-layer chromatography as previously described (11), whereas all other determinations were done by high-pressure liquid chromatography.
Thin-layer chromatography. Meal samples (100 g) of molded corn were extracted with chloroform (500 ml, 48 h) in a Soxhlet extractor and then were extracted with aqueous methanol (80%, 500 ml, 48 h). The methanolic fraction was washed with n-hexane and subsequently concentrated under reduced pressure. The residue was dissolved in chloroform (100 ml) and extracted with water (three 100-ml volumes). The aqueous layer was freeze-dried to produce the moniliformin-containing residue.
The moniliform content was estimated in the foregoing residue by applying known quantities of pure moniliformin to the same plates as the samples under investigation and quantitated by ion-exchange chromatography on Dowex-1 (Cl-) resin followed by UV spectroscopy as previously described (11) .
High-pressure liquid chromatography. High-pressure liquid chromatographic analysis of moniliformin was carried out on membrane-filtered (0.45 ,Lm; Millipore) water extracts (40 ml of water per 3-g sample shaken for at least 30 min on a reciprocal shaker) of the dried fungal cultures. Two high-pressure liquid chromatographic procedures were used. In all cases in which moniliformin was detected, the observation was confirmed by both procedures.
In both procedures, 20 ,ul of the extract (or appropriately diluted extract) was injected while the effluent from the column was monitored by UV absorption at 227 nm. Concentrations were determined by comparing peak heights of moniliformin in unknown samples with those of moniliformin standards. Further confirmation of the identity of a suspected moniliformin peak was obtained by "spiking" of the extract with a moniliformin standard prepared as previously described (13). The detection limit of pure moniliformin is 1 ng for both procedures. Because of background interferences in sample extracts, the lower limit of detection is often as high as 1 mg/kg.
In the first procedure, separation of moniliformin was achieved by ion-exchange chromatography on a Partisil 10 SAX column (4-mm inside diameter by 30 cm), eluting with 0.01 M sodium phosphate (pH 5.0) at a flow rate of 1.0 ml/min. Under these conditions, the moniliformin peak was eluted after 9.7 min.
The second separation was done by paired-ion chromatography on a Bondapak C18 reverse-phase column (4 mm inside diameter by 30 cm), eluting with 0.1 M sodium phosphate buffer (pH 5.0; 0.005 M tetrabutyl ammonium hydrogen sulfate; 8% methanol) at a flow rate of 1.0 ml/min. The retention time of moniliformin was 9.4 min.
Inoculation of plants. Wooden toothpicks were sterilized at 121°C for 40 min in 250-ml glass jars stoppered with cotton wool. Each jar contained 50 toothpicks moistened with 20 ml of a 1% (wt/vol) solution each of sucrose and peptone. The sterilized toothpicks were inoculated with spore suspensions of seven different Fusarium isolates representing three species and incubated at 25°C for 14 days. The isolates grew well on the toothpicks, and after being dried at 45°C for 24 h, the toothpicks were used to inoculate corn ears in the field.
Toothpicks were stuck into the ears (six to eight per ear) to a depth of 1 cm, and the ears were covered with moisture-resistant paper bags to prevent infection from airborne spores. The ears were harvested 10 weeks later and dried, and the visually infected kernels from each ear were removed and pooled. Kernels showing no visible signs of infection were harvested from the same ears and used as controls.
RESULTS AND DISCUSSION
Of the 258 isolates tested, 65% were highly toxic (3 to 4/4) and 13% were nontoxic (0/4) moniliforme var. subglutinans. However, nontoxic isolates of each of these latter species were found. In the case of F. moniliforme, 12% of all isolates tested were not toxic, and 66% were highly toxic. Only 1 of 18 isolates of F. moniliforme var. subglutinans was not toxic, whereas only 3 of 23 and 6 of 20 isolates of F. solani (Martius) Sacc. and F. equiseti (Corda) Sacc., respectively, were highly toxic. Of the highly toxic isolates, 91 were evaluated for moniliformin production, of which 65 proved to be positive. Four new moniliformin-producing species of Fusarium were found, viz., F. concolor, F. acuminatum, F. equiseti, and F. semitectum Berkeley and Ravenel (Table 1 ). The origins of these isolates are shown in Table  2 . The single isolate of F. concolor tested produced large amounts (9.5 g/kg) of moniliformin. This isolate is morphologically closely related to F. fusarioides and does not correspond to F. concolor based upon the conclusions of Booth (2) . This isolate was identified by W. Gerlach, Biologische Bundesanstalt fur Land-und Forstwirtschaft, Berlin. One isolate of F. acuminatum also produced high levels of moniliformin (3.4 g/kg), whereas the other isolates of F. acuminatum produced less (12 and 15 mg/kg). The three isolates of F. equiseti (12 to 26 mg/kg) and the one isolate of F. semitectum (28 mg/kg) were all low yielders.
Moniliformin production by South African isolates of F. oxysporum and F. avenaceum is reported for the first time (Tables 1 and 2 ). All 14 isolates of F. oxysporum tested were capable of producing moniliformin (7 to 1,030 mg/kg), as were both isolates of F. avenaceum that were tested (32 and 1,200 mg/kg).
In the case of F. moniliforme, 28 of 36 toxic isolates screened for moniliformin production were positive (Table 1) . These moniliforminproducing strains were isolated from sorghum, sorghum malt, millet, and corn, obtained frotn Namibia, Mozambique, and the Republic of South Africa. Moniliformin yields ranged from 10 to 33,700 mg/kg ( Table 2 ). All six toxic isolates of F. moniliforme var. subglutinans evaluated produced moniliformin at levels ranging from 5 to 1,730 mg/kg (Tables 1 and 2 ).
Of the 12 toxic isolates of F. fusarioides tested, 8 produced moniliformin, and yields ranged from 320 to 1,470 mg/kg (Tables 1 and 2) .
The results on moniliformin production in corn ears inoculated in the field with Fusarium isolates known to produce moniliformin in culture are shown in Table 3 The seven isolates evaluated for moniliformin production in corn plants all produced moniliformin, but yields were much lower than those obtained by culturing the same isolates on corn kernels under laboratory conditions. Three isolates, however, yielded >500 mg/kg in inoculated corn ears. This finding, together with the facts that moniliformin is acutely toxic to laboratory animals and that it is widely produced by a number of Fusarium species commonly occurring in basic foodstuffs, warrants further investigation on its natural occurrence and possible effects on human and animal health.
